Bouldering competitions are held up to International level and governed by the International 22
Federation of Sport Climbing. Bouldering has been selected to feature at the 2020 Olympic Games in 23
Tokyo, however, physiological qualities and nutritional requirements to optimise performance 24 remain inadequately defined due to large gaps in the literature. The primary goals of training include 25 optimising the capacity of the anaerobic energy systems and developing sport-specific strength, with 26 emphasis on the isometric function of the forearm flexors responsible for grip. Bouldering athletes 27 typically possess a lean physique, similar to the characteristics of sport climbers with reported body 28 fat values of 6-12%. Athletes strive for a low body weight to improve power to weight ratio and limit 29 the load on the extremities. Specialised nutritional support is uncommon and poor nutritional 30 practices such as chronic carbohydrate restriction are prevalent, compromising the health of the 31 athletes. The high intensity nature of bouldering demands a focus on adequate carbohydrate 32 availability. Protein intake and timing should be structured to maximise muscle protein synthesis and 33 recovery, with the literature suggesting 0.25-0.3 g/kg in 3-4 hour intervals. Supplementing with 34 bouldering last an average of 40 seconds (White & Olsen, 2010) , with rarely an opportunity to rest or 90 allow adequate recovery in between holds. Therefore, there is likely to be an increased contribution 91 from the lactic acid system to maintain power output, resulting in increased blood lactate 92 concentration. Capillary blood lactate samples collected directly after two elite level national 93 bouldering competition performances report mean peak levels from 6.2 ± 0.9 -6.9 ± 1.2 mmol/L (La 94 Torre et al., 2009) . Similarly, in the longer duration discipline of sport climbing, mean blood lactate 95 concentrations have been reported between 4.5-6.8 mmol/L post-climb (Watts, 2004) . 96
97

Climbing Specific Strength 98
The upward propulsion during climbing typically relies on the ability to sustain powerful, 99 intermittent forearm muscle contractions with a substantial, yet less intense, contribution of the 100 lower limbs (Sheel et al., 2003) . In modern sport climbing, one of the main limiting factors to 101 performance is the anaerobic strength endurance of the forearm flexor muscles responsible for grip 102 (Schöffl et al., 2006) . The intermittent isometric contractions in these muscles that occur during 103 bouldering may occlude blood flow to the active musculature leading to a disproportionate rise in 104 heart rate in comparison with oxygen consumption, as demonstrated in sport climbing (Sheel et al., 105 2003 ). This effect is greater with increasing levels of climbing difficulty, where there is an increased 106 reliance on anaerobic metabolism. Conversely, Ferguson and Brown (1997) found an enhanced 107 vasodilatory capacity in the forearms of trained rock climbers attenuating this mechanism. During a 108 simulated bouldering competition, heart rate was recorded in the range of 70-85% HR max for 25.9% 109 of the time and between 86-100% HR max for 12% of the time in elite subjects, indicating significant 110 engagement of the cardiovascular system (La Torre et al., 2009) . 111
Due to the large demand placed on the hands and forearm flexors of climbers, handgrip 112 strength in relation to body mass has been consistently reported to be significantly greater in 113 comparison to non-climbers (Watts, 2004 (2015) . It was reported that the largest discriminatory outcome between the two groups was the 120 RFD, which may reflect a unique requirement in bouldering, as high levels of rapid force generation 121 is required by the finger flexors to stabilise the body following dynamic movements (Watts, 2004) . 122
Furthermore, the specific strength of the finger and hand bones are closely correlated with climbing 123 styles that emphasise athletic difficulty, with the highest levels observed in sport climbing and 124 bouldering (Sylvester et al., 2010) ; emphasising the effect of the high mechanical load on the hands 125 of boulderers. Handgrip strength has been shown to decline with increasing levels of blood lactate 126 (Watts et al., 1996) , which may provide a useful marker of climbing fatigue. 127
128
Aerobic Capacity 129
Whilst the predominant energy source during bouldering is likely to be derived from the 130 anaerobic pathways, it should be acknowledged that an elite individual training for many hours will 131 largely rely on the oxidative system for continued muscle contraction and recovery from high-132 intensity bouts of exercise (Sheel et al., 2003) . 133
There is currently no research outlining the aerobic capacity of boulderers, although studies 134 that have examined sport climbers have reported values averaging between 52-55 ml/kg/min for 135 maximum oxygen uptake (Watts, 2004) . However, these studies have measured this using protocols 136 that utilise the lower body on cycle ergometers or treadmills which is clearly a limitation as it lacks 137 specificity to climbing. More recently, researchers have acknowledged that these methods neglect 138 the use of upper-body musculature predominantly responsible for climbing performance and have 139 developed an incremental maximal upper-od ergo eter test UBT to e aluate li ers aero i 140 fitness and sport-specific work capacity, performed on a vertically mounted rowing ergometer 141 (Michailov et al., 2015) . While studying sport climbers, Michailov et al. (2015) found UBT aerobic and 142 work capacity results were strongly correlated to climbing-performance variables and reflected 143 sport-specific fatigue, whereas treadmill results were not. Positive effects of non-specific, aerobic 144 based endurance training have been demonstrated to promote recovery in the forearms following 145 anaerobic strength endurance tests (Schöffl et al., 2006) , although it would seem more appropriate 146 for climbing athletes to choose a form of exercise that will enhance upper body aerobic capacity to 147 gain the most benefit. 148
Considering all of the physiological factors, a specific training program for elite level 149 bouldering should include components for optimising the capacity and power of the PCr and 150 anaerobic glycolysis systems, developing reasonably high levels of upper body aerobic power, and 151 sport specific muscular strength and endurance. 152
153
Optimal Physique 154
Anthropometric Characteristics 155
Anthropometric data obtained from the studies investigating the related discipline of sport 156 climbing suggest that the athletic profile optimal for performance is a positive ape index, low body 157 mass, small stature, and low body fat The hydration strategy of any athlete is dependent on the intensity and duration of exercise, 252 the i di iduals s eat rate, sodium loss, and opportunities to consume fluids during training or 253 competition. Considering that bouldering is not a continuous activity as it comprises multiple rest 254 opportunities, the loss of fluid through exercise is likely to be low. Nevertheless, in hotter and humid 255 climates (i.e. World cup events in hotter climates) where sweat rates and electrolyte losses will be 256 greater, boulderers should place a greater focus on replacing fluid and electrolytes. Dehydration in 257 athletes concerned with anaerobic performance should not exceed 3-4% of bodyweight, marginally 258 Anecdotally, one of the most common dietary practices is chronic calorie restriction, 278 typically by reducing carbohydrate intake to very low levels irrespective of training volume or 279 intensity and some boulderers are known to utilise this strategy in order to achieve or maintain a 280 light mass and lean physique in an attempt to improve performance and reduce load on the 281 extremities. This may be an effective, albeit sub-optimal, solution to acute weight management; 282 however, it is likely to have negative consequences when used for prolonged periods and could be 283 
Vegetarian and Vegan Considerations 325
Anecdotally, vegan and vegetarian diets are prevalent practices amongst the climbing 326 community, with most athletes choosing to exclude animal products from their diet due to ethical 327 reasons, the belief that the diet is healthier, or to disguise disordered eating (Thomas et al., 2016) . 328
There is evidence to associate meat consumption with ill health, although in European populations, 329 it seems the negative health effects of meat consumption are specifically associated with processed 330 meats, rather than the total intake (Wang et al.  The effect of nutritional ergogenic aids such as creatine, beta-alanine, caffeine, carbohydrate, nitrates on bouldering performance.
